Abstract. Transition metal complexes of 1,Zdiol phosphinites and phosphites derived from readily available sugars catalyze a variety of asymmetric reactions of prochiral olefins including the asymmetric Makovnikov addition of HCN to vinyl arenes. The enantioselectivity of this reaction can be optimized by steric and electronic tuning of a readily available carbohydrate-derived ligand system. Both R and S enantiomers of a prototypical 2-arylpropionitrile, a precursor to widely used 2-arylpropionic acids, can thus be synthesized over 90 % enantiomeric excess at or below room temperature. An unusual electronic effect on the selectivity of this reaction may have wider implications for other related reactions.
Introduction
Starting with the pioneering studies of Emil Fischer, carbohydrates have historically played an important role in the development of organic chemistry. Over the past 4 or 5 years we have been interested in new methods for carbon-carbon bond forming reactions via organometallic reagents. In this context we have studied functional group compatibilities and stereochemical aspects of several new reactions using readily available carbohydrate-derived model compounds. We hoped that under the best of circumstances, the chemistry we uncover would also add to our synthetic methodology in the chiron approach to natural product synthesis. This expectation was indeed borne out in a number of instances.1
However, for the installation of new asymmetric centers, the chiron approach is not the most economic one because of the near stoichiometric nature of the chirality transfer involved in the production of new molecules. An ideal chemical solution would be one involving chiral multiplication such as asymmetric catalysis by enzymes or chiral metal complexes.2
Asymmetric Catalysis of C-C Bond Formation The organometallic approach relies on the ability of transition metal complexes to accelerate certain reactions by several orders of magnitude. Further, activation of abundantly available small molecules such as CO, HCN, H2 and simple olefins, and their conversion to valueadded products by these complexes have been amply demonstrated. High stereoselectivity in the incorporation of these molecules would further enhance the value of these processes. If we set our goal in enantioselective catalysis as 95 % ee, the differentiation of diastereomeric transition states involving a chiral metal complex with A A G # of at least 2.3 kcal/mole is needed. The factors which affect the necessary diastereoselective recognition are critically dependent on the nature of the ligand. A priori, these factors, which include both attractive and repulsive (steric) interactions, are still largely unpredictable. Thus the development of an easily modifiable ligand system would be key to success in this area; especially so in the present case, since we decided to study the hydrocyanation reaction ( Fig. 1) for which a practical asymmetric variant was not known when we started this work.3 During this talk I will review the recent progress we have made in the design, synthesis and applications of new ligands derived from carbohydrates and the use of their Ni(0) complexes in the asymmetric hydrocyanation reaction. 4 We were especially attracted to phosphinites5 derived from readily available carbohydrate diols, since they satisfied our basic criteria of tunability ( Fig. 2) and ease of preparation (Fig. 3 ). We reasoned that in this ligand system, steric and electronic factors could be systematically changed in order to optimize high enantioseledivity. transformed into amines, aldehydes, acids and a variety of other valuable intermediates. Vinyl arenes were chosen as prototypical substrates, since Markovnikov addition of HCN to these compounds results in 2-aryl-2-propionitriles. 7 The acids derived from these nitriles make up an important class of widely marketed non-steroidal antiinflammatory profen agents. Naproxen is particularly topical because the R enantiomer has a number of undesirable nealth effects.
The addition of H m to 6-methoxy-2-vinylnaphthalene was carried out at room temperature in the presence of catalytic amounts of bis(l,5-cyclooctadiene)Ni(O) and a carbohydrate-derived diol phosphinite to give the corresponding arylpropionitrile in excellent yields (up to 99 % conversion) and with unprecedented enantioselectivity (Fig. 4) . In sharp contrast to the wellknown Pt or Rh-catalyzed hydrocarbonylation of these vinyl arenes? no trace of the linear products were detected under these conditions. Further, the inherent enantioselectivity is independent of the extent of reaction or catalyst loading. A non-polar solvent like hexane gave the highest ee.
Sugar diolphosphinites as ligands Initial screening of a number of 1,2-and 1 , s diolphosphinites prepared from readily available diols indicated the overwhelming importance of the gluco-configuration of the sugar backbone for high enantioselectivity. The steric and electronic manipulations of the aglycone yielded a modest, yet discernable, improvement on the selectivity of this reaction. The substituents on the ligating phosphorus had a more dramatic effect. We found that electronwithdrawing groups like F or CF3 on the phosphorus aryl groups (metal gave the highest eels as compared to the corresponding H-derivative (75% vs 33 % in toluene; Fig. 5) . Remarkably, these catalysts also exhibited very high activity (552 turnovers/h) in the hydrocyanation of vinylnaphthalene. Using the bis-trifluoromethyl phosphinite, substrate to ligand ratios of 5000 can be used under conditions where the high ee's were maintained. These effects have since been confirmed in a number of other hydrocyanation reactions. Such electronic effects on the enantioselectivity have rarely been reported? nevertheless we expect that they will play an increasingly important role in the design of future catalysts. A dramatic solvent effect was also observed in this reaction. Thus in hexane at OOC, one can get eels as high as 91% (i.e. S to R ratios 95.5 to 4.5) for naproxen nitrile (Fig. 6 ) using the bis-CF3 -1igand. Simple recrystallization of the crude product yields optically pure (>99 % S-isomer) nitrile.10 The optically pure drug can be prepared from this nitrile. Electronic Effects on Enantioselectivity Mechanistic Considerations Some of the initial mechanistic studies (Fig. 7) seem to suggest that the enantioselectivity has little to do with the initial Ic-facial selectivity. For example, variable temperature 31P NMR suggest a fast rate of MVN exchange from the initially formed NiL(MVN) complex. Further the distribution of diastereomers, though complex, does not reflect the high eels observed. When electron-withdrawing substituents (for which best eels were observed) are used, labelling studies using DCN indicate minimum incorporation of D into the olefin (and an attendant maximum into the product nitrile) (Fig. 8) . We propose that the enantioselective step occurs in the insertion of the vinyl arene into the Ni-H with electron-withdrawing ligands (Figs. 9 and 10 ). The D-scrambling studies suggest that bhydride elimination competes with reductive elimination in the case of electron-rich phosphinites (Fig. 10) . Further Fine-Tuning The R-Nitrile It is fortuitous that the D-glucose-derived ligands gave the desired Simmer of the nitrile. In a more general context, one would like to prepare both R and S isomers from readily available sugars. Our search for a system to produce the R-isomers led to a-methylfructofuranoside. The results are shown in Fig. 11 . The fructose-derived system provided, for the first time, an opportunity to introduce further elements of electronic asymmetry in the ligand by way of the different reactivities of the 3-(more hindered) and Chydroxyls. Now two different kinds of phosphorus atoms can be attached to these oxygens. This fine tuning gave us the highest ee's 
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Conclusions
In this exercise of semiempirical ligand design, we have only optimized the enantioselectivity for one reaction. We have shown that by electronic and steric tuning of readily available ligands from two of the most abundantly available sugars (glucose and fructose), one can produce both enantiomers of a key 2-arylpropionitrile (Fig. 12) . Experiments under way suggest that the lessons learned here can be applied to other substrates and ultimately to other reactions as well. 
